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May 05 2008Flavor Physics and CP Violation Hot Topics at D0

 Direct CP violation in B decays (M. Kreps)

 CPV in Bs System (D. Strom)

 Lifetime and mixing (C. Liu)

 Bs/b-Baryon decays (A. Warburton)

 Rare decays of B/Bs mesons from Tevatron (D. Tsybychev)

 Spectroscopy of hadrons with b quark (R. V. Kooten)

 This talk will cover the hottest topic…
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New Measurement of 

ΔΓs from Br(Bs→Ds
(*)Ds

(*)) 

(1.3 fb-1 to 2.8 fb-1)

ΔΓ in Bs Decays

Motivation

Tevatron & D0

Analysis Procedure

New Result

Conclusion
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Theory  Prediction

ΔΓs = 0.096 ± 0.039
(J. HEP. 0706, 072)

Direct Measurements:

Bs
0→J/Ψφ

angular analysis :  ΔΓs & φs

(D0 & CDF)
(talks in next session)

Flavor-Specific:

Bs
0→Dsμν

CP asymmetry: afs
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Γ12 is dominated by

not suppressed !

ΔΓs sizable
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Br(Bs→Ds
(*)Ds

(*) ):

theory based analysis: 

CP even (5~30%)

compatible error band

consistent with theory 

untagged: efficiency, 

purity, acceptance

simple measurement
Theory  prediction

ΔΓs = 0.096 ± 0.039

(J. HEP. 0706, 072)

Flavor -Specific:

Bs
0→Dsμν

50 %  even / 50% odd

Direct Measurements:

Bs
0→J/Ψφ

angular analysis: ΔΓ & φ

(D0 & CDF)

(talks in next session)
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ALEPH (2000)

φφ correlation in Z decays

CDF (2006) – 355 pb-1

first hadronic

D0 (2007) – 1.3 fb-1

DsDs correlation
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Belle (2006) – 1.86 fb-1

at Υ(5S) resonance 

(*) (*)

0
( ) 27.3%

s

s s
Br B D D 



ALEPH (2000)

φφ correlation in Z decays
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Belle (2006) – 1.86 fb-1

at Υ(5S) resonance 

(*) (*)

0
( ) 27.3%

s

s s
Br B D D 



Steven
Todd

purelyCP even!!!(*) (*)

s s
D D 

Ds
+Ds

- S wave CP even

Ds
*Ds

* S,P,D wave CP mixture

DsDs
* (Ds

*Ds) CP mixture
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(Phys. Lett. B 

316, 567 (1993))





Tevatron

Chicago

Wilson Hall

2.8 f-1 peak : 3.15 x 1032 cm-2sec-1

 > 85 % DAQ efficiency

 ~ 45 pb-1/week

 ~ 8 fb-1 designed by 2009

 p-pbar at √s=1.96 TeV

 excellent performance

 4.0 fb-1 delivered (Apr/30/08)
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Tracking system 

- SMT, CFT

- new layer in 2006

- 2 T solenoid

- |η| < 3.0

Muon system 

- drift tubes & scintillators

- excellent muon trigger 

- 1.8 T toroid

- |η| < 2.0

Calorimeter 

- Uranium / Liquid Ar
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Sampling: Dsφμ vs. Dsμ

Ds→φπ ; φ→KK

Bs
0→Ds

(*)Ds
(*)

Ds →φμν ; φ→KK
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Correlation between 

Ds(φπ) and Ds(φμν) 
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Normalizing: Dsφμ to Dsμ
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m(φπ)

N=28,680±288

Ds

D±



Dsµ Sample Dsφμ Sample

isolation(Bs) isolation(Bs)

cos(θhelicity) cos(θhelicity)

pT(K1K2 ) pT(K1K2 )

m(Bs) m(Bs) 

χvtx
2(Ds) m(K3K4) - m(K1K2) 

m(K1K2 ) pT(φ2) - pT(φ1)

pT(Ds,2) - pT(Ds,1)
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D0 RunII

Preliminary

D0 RunII

Preliminary
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N(Dsφμ) = 31.0 ± 9.4

significance:  3.7σ

2-D Unbinned Loglikelihood Fit

Ds(φ1π) vs. φ(K3K4)
Ds(φ1π) 

φ(K3K4)
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Process Remark Recipe Contrib.

Bs→Ds
(*)Ds

(*)X two gluons required negligible ~ 0 %

( ) ( )

(( ) (

)

) )

(

) (

 
 

  cc

cc ss

s

s

s s s

Br ccN D

f D

D cc D

N D Br cc D cc D





 

  







ccbar(Ncc(Dsφμ)) contamination: fcc(Bs
0→Dsμν) =10.3 ± 2.5 % 

Physics-suppressed

Process Remark Recipe Contrib.

B±,0 →Ds
(*)Ds

(*)KX low mass (Dsφµ) m(Dsφµ) > 4.3 GeV 5 ± 2 %

Bs→Ds
(*)µνφ high mass (φµ) 1.85 GeV < m(φµ) 0 ± 3 %

Kinematics-suppressed:  Matrix method 

Process Comment Recipe Contrib.

ccbar →Ds
(*)φµX short decay length lifetime cut 2 ± 1 %
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a:  Bs→Ds
(*)Ds

(*)

b:  B±,0→Ds
(*)Ds

(*)KX

c:  Bs→Ds
(*)µνφ

May 05 2008Flavor Physics and CP Violation Hot Topics at D0 23



,1

,2

,1

,2

,

,1

,2

1

2

33, , 33

    
    

    
    
    

b

b

c

c

c c

a

b

b

a

a

a

f

f

f M

f

f Mf

f

n

n

M

f

f

n

,1

,1

,1 ,1 ,1

(*) (*)

(*) (*)
( )

( )

( )



 

   






a a

c

s s

cc s s

c s a a

a a b b c c

f M

N D f M

f M

N D D

N D
f f

D
M M



a:  Bs→Ds
(*)Ds

(*)

b:  B±,0→Ds
(*)Ds

(*)KX

c:  Bs→Ds
(*)µνφ

Mi : total # of events for channel i

nj : total # of events in j region 

fi,j : fraction for channel i in region j

pure signal events: N(Bs
0→ Ds

(*) Ds
(*)) = 27.5 ± 9.8 
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Sources Uncertainty

Br(Bs
0→Ds

(*)μν) 0.0127

Br(Ds→φμν) 0.0047

ε(Ds
(*)Ds

(*))/ ε(Ds
(*)μν) 0.0072

fitting procedure 0.0071

N(Ds
(*)Ds

(*)): Matrix 0.0041

ccbar 0.0011

f(Bs
0→Ds

(*)μν) 0.0006

N(Dsμ) 0.0005

Total 0.0174
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• poor precision of 

branching ratios ( ≥ 60 %)

• large room for further 

improvement

• trigger efficiency model 

dependent calculation

• uncertainty by ccbar

contamination is small





Br(Bs
0→Ds

(*)Ds
(*)) ΔΓs / Γs

ALEPH (2000) 0.077 ± 0.034-0.026
+0.038 0.167 ± 0.070-0.053

+0.079

D0 (1.3 fb-1) 0.039-0.017
+0.019

-0.015
+0.016 0.081-0.035

+0.039
-0.030

+0.033

WA (end of 2006) 0.046 ± 0.022 0.096 ± 0.048

Theory 0.127 ± 0.024
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D0 is productive in CPV sector in Bs physics  

Br(Bs→Ds
(*)Ds

(*)) promising method for ΔΓs

Theory applicable

Br(Bs→Ds
(*)Ds

(*)) & ΔΓs (2.8 fb-1)
Br(Bs→Ds

(*)Ds
(*)) 

= 0.042 ± 0.015 (stat) ±0.017 (syst)

ΔΓs
CP / Γs = 0.0.88 ± 0.030 (stat) ±0.036 (syst)

Polarization study: pure even?
Experimental correction to theory 
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D0 is productive in CPV sector in Bs physics  

Br(Bs→Ds
(*)Ds

(*)) promising method for ΔΓs

Theory applicable

Br(Bs→Ds
(*)Ds

(*)) & ΔΓs (2.8 fb-1)
Br(Bs→Ds

(*)Ds
(*)) 

= 0.042 ± 0.015 (stat) ±0.017 (syst)

ΔΓs
CP / Γs = 0.0.88 ± 0.030 (stat) ±0.036 (syst)

Polarization study: pure even?
Experimental correction to theory 

First experimental evident for ΔΓs≠0

( significance: 3.7 σ )
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Universal Trigger 

Efficiency Curve
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Different muon property

- Bs
0→Ds

(*)μν: primary

- Bs
0→Ds

(*)Ds
(*)(Ds →φμν): 

secondary 

data

MC

Normalized signal yield for 

data and model

( )

( )

T Trig

T ZB

p

p







─ Bs
0→Ds

(*)μν

─ Bs
0→Ds

(*)Ds
(*)

D0 RunII Preliminary (2.8 fb-1)

Dsμ sample



Trigger Efficiency Curve

Eff. = pT(μtrig) / pT(ZB)

Universal weighting function 

for many B analyses at D0
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Sources Uncertainty

Br(Bs
0→Ds

(*)μν) 0.0127

Br(Ds→φμν) 0.0047

ε(Ds
(*)Ds

(*))/ ε(Ds
(*)μν) 0.0072

fitting procedure 0.0071

N(Ds
(*)Ds

(*)): Matrix 0.0041

ccbar 0.0011

f(Bs
0→Ds

(*)μν) 0.0006

N(Dsμ) 0.0005

Total 0.0174
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• Poor precision of branching 

ratio

• Large room for  further 

improvement  (Exp.+Thy.)

• reconstruction efficiency

Bs
0→Dsμν

Bs
0→Ds

(*)Ds
(*)

Ratio of normalized signal yield for 

Bs
0→Dsμν and Bs

0→Ds
(*)Ds

(*)


